Continuous exposure of chicks to light was shown to result in severe hyperopia, accompanied by anterior segment changes, such as severe corneal flattening. Since rearing chicks in complete darkness results only in mild hyperopia and minor changes in corneal curvature, we hypothesized that light intensity may play a role in the development of refractive changes under continuous light illumination. To test this hypothesis, we examined the effects of rearing chicks under various continuous light intensities. More specifically, we investigated the refractive parameters of the chicks' eyes, and avoided light cycling effects on ocular development. To this end, thirty-eight chicks were reared under 24-h incandescent illumination, at three different light intensities: 10,000 lux (n = 13), 500 lux (n = 12), and 50 lux (n = 13). Their eyes underwent repeated retinoscopy, keratometry, and ultrasound biometry, as well as caliper measurements of enucleated eyes. Both refraction and corneal refractive power were found to be correlated with light intensity. On day 90 after hatching, exposure to light intensities of 10 000, 500, and 50 lux resulted in hyperopia of +11.97 ± 3.7 (mean ± SD) +7.9 ± 4.08 and +0.63 ± 3.61 diopters (D), respectively. Under those intensities, corneal refractive power was 46.10 ± 3.62, 49.72 ± 4.16, and 56.88 ± 4.92 D, respectively. Axial length did not differ significantly among the groups. The vitreous chamber was significantly deeper in the high than in the low-intensity groups. Thus, during the early life of chicks exposed to continuous lighting, light intensity affects the vitreous chamber depth as well as the anterior segment parameters, most notably the cornea. The higher the intensity, the more severe was the corneal flattening observed and the hyperopia that developed, whereas continuous illumination at low intensities resulted in emmetropia. Thus, light intensity is an important factor that should be taken into account when studying refractive development.
Introduction
Refractive development is dependent on visual experience such as image defocus and lighting conditions. Chicks that have been deprived of form vision by occluding their eyes via lid suturing (Raviola & Wiesel, 1978) , translucent diffuser (Wallman, Gottlieb, Rajaram, & Fugate-Wentzek, 1987) , or lens (Irving, Sivak, & Callender, 1992; Schaeffel, Glasser, & Howland, 1988; Schmid & Wildsoet, 1996b; Sivak et al., 1990 ) become ametropic. Illumination parameters such as photoperiod (Stone, Lin, Desai, & Capehart, 1995; and light intensity (Harrison, Bercovitz, & Leary, 1968) affect postnatal chicks' eye growth in a complex pattern.
The effects of continuous light on ocular parameters have been examined in various animals (Bartmann, Schaeffel, Hagel, & Zrenner, 1994; Liu et al., 2004; Smith, Bradley, Fernandes, Hung, & Boothe, 2001; Stone et al., 1995; Zadnik et al., 2000) . In chicks, interrupting normal diurnal lighting rhythms by continuous lighting disrupts the emmetropization process and results in severe hyperopia. Ocular changes reported under these conditions include reduced corneal curvature, shallowing of the anterior chamber, increased intraocular pressure, enlarged axial length, and deepening of the vitreous chamber (Lauber & Oishi, 1987; Li et al., 1995; Stone et al., 1995) . In mature rats, 19 days of exposure to continuous light resulted in a myopic shift, an effect that was attributed partially to corneal steepening and not to axial changes (Zadnik et al., 2000) . In primates, it was found that exposing newborns for half a year to continuous light resulted in ''unusual emmetropization" (Smith et al., 2001) in three out of nine monkeys. Two monkeys developed axial anisometropia and one manifested a myopic error. The study concluded that the variations from the expected developmental sequence observed in three monkeys may reflect individual differences. However, the authors also raised the possibility that aspects of the emmetropization process may not operate as effectively under constant light as they do under ordinary rearing (Smith et al., 2001) . Thus, although continuous light results in a marked effect on the refractive development of vertebrates, its effect on refractive error in monkeys was not fully established.
Studies on the effect of continuous light on the growth of chick eyes were carried out under a wide range of light intensities, from only several to thousands of lux. After 80 days of continuous light exposure under 700 lux of fluorescent light, the induced hyperopia was more than +15 D , whereas dark rearing (zero light intensity) induced milder ocular changes and hyperopia that varied from +3.11 to +8.24 D Guyton, Greene, & Scholz, 1989; Troilo et al., 1995; Yinon & Koslowe, 1986) . It seems that since the light intensity varied among the studies, the induced hyperopia was different. Liu et al. (2004) studied the development of emmetropization under constant light with relatively dim intensities of 0.3, 33, 133, and 500 lux. Only the latter intensity was identified as having a degree of hyperopia that was statistically different from the refractions of light/dark-reared controls (Liu et al., 2004) . Thus, under continuous light, intensity might be a covariant for the development of refractive error.
We studied the effect of a wide range of light intensities on chicks' refractive development, corneal curvature, corneal thickness and diameter, anterior chamber depth, lens thickness and diameter, vitreous chamber depth, equatorial diameter, and axial length. In order to examine the effects of particular intensities, in all our experiments, we masked the effect of the photoperiod by continuous illumination.
Methods

Animals and their rearing conditions
Thirty-eight newly hatched White Leghorn female chicks (Hemed Farms, Israel) were raised in temperature-controlled cages via continuous air circulation (days 17, 33 ± 0.5°C; days 790, 23 ± 1°C). The chicks were supplied with food and water ad libitum. The experiment and animal handling were approved by the Animal Welfare Commission of Tel Aviv University and adhered to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. During the first 7 days after hatching, the chicks were kept in a cage (120 Â 60 Â 60 cm) with lighting according to a 10-h/14-h light/dark cycle of incandescent light with an intensity of 500 lux.
Seven days after hatching, the chicks were subjected to baseline measurements, and were then divided randomly into three groups. Each group was placed in a 2.3 Â 1.7 Â 4 m cage with constant illumination until the end of the experiment.
The chicks were exposed to incandescent light at three different levels of light intensity. Group 1, the high-intensity group (n = 13), was raised under bright light with an intensity of $10,000 lux; group 2, the intermediate-intensity group (n = 12), was raised under moderate lighting of $500 lux; and group 3, the low-intensity group (n = 13), had dim light with an intensity of $50 lux. The illumination of the cages was standardized only to white light bulbs (fluorescent light bulbs radiate a different light spectrum from that of incandescent lamps) that were placed 2 meters above the floor level. The cages of the low and medium intensity groups were illuminated with one bulb of 5 watts and 40 watts, respectively. The cage of the high-intensity group was illuminated with four 100-watt bulbs at each corner, and one 300-watt bulb at the center.
The highest light intensity chosen, 10,000 lux, was equivalent to the intensity outdoors at noon on a sunny day, which can reach thousands of lux. The lowest, 50 lux, is an intensity at which chicks can carry on normal activity. Light intensity was measured at floor level at the center of the cage, using a calibrated Megatron Spectroradiometer (Megatron, London, UK).
Optical measurements
In all three groups, optical measurements were carried out while the chicks were anesthetized at 7, 30, 60, and 90 days after hatching. Subcutaneous xylazine solution 2%, 5 mg/kg and ketamine, 20 mg/kg, were administered for anesthesia. Cycloplegic ocular refraction was assessed using a Nikon Streak Retinoscope. Binocular cycloplegia was induced with eye drops containing 0.1% vecuronium bromide (Schwahn & Schaeffel, 1994) . The refractive state was determined at a 66-cm working distance, using lens bars to neutralize the two principal meridians. Refraction was expressed as spherical equivalents (sphere ± cylinder/2).
For keratometry, we used a calibrated Javal-Schiotz (Haag-Streit) keratometer and calculated the mean of the two meridians. Because the cornea of the newly hatched chick is steep, we extended the measuring range of the instrument by adding convex lenses (+1.25 to +6 D). A correction for the true radius of the cornea was made on the basis of measuring the apparent radii of metal balls of known radii (range 3.95-9.55 mm) through these convex lenses.
For ultrasound biometry, we used a calibrated Allergan Humphrey ultrasound biometer (model 820) equipped with a tonometer-mounted, hard tip probe, operated in the manual mode. The mean of three to five measurements of axial length was taken. On day 90 after hatching, we determined the means of 3-5 in vivo measurements of the vitreous chamber depth, anterior chamber depth, lens thickness, and corneal thickness using an A-mode ultrasound device (EchoScan US-1800; Nidek, Fremont, CA), and an ultrasound pachymeter (Paxis; Biovision), for the latter. Corneal thickness measurements, obtained with BVI ultrasound pachymetry, were found to be highly repeatable (Gunvant, Broadway, & Watkins, 2003) . The mean limbus-to-limbus corneal diameter along the 180°and 90°meridians was calculated from measurements made on day 90, using a calibrated manual micrometer.
Following the optical and ultrasound examinations, the chicks were euthanized with pentobarbitone sodium (60 mg/kg, i.v.). Their eyes were enucleated and the equatorial diameter and lens thickness were measured immediately afterwards, using a calibrated micrometer, and the average values of the horizontal and vertical meridians were calculated.
Data analysis
Data are reported as means ± SD. Means of the optical measurements of the eyes and ocular components were evaluated by one-way analysis of variance (ANOVA) for comparison within and among the groups. Post hoc pair-wise multiple comparisons were made using Dunnett's t-test for unequal variances. Pearson analysis was used to correlate among refraction, corneal power, and light-intensity exposure. A regression line depicts corneal power as a function of refraction. For statistical analysis of the results, we used the SigmaStat program (version 12, SPSS, Inc., Chicago, IL). Differences of P < .05 were considered statistically significant.
Results
Refraction
Baseline measurements obtained on day 7 regarding refraction, keratometry, and axial length showed no differences among the groups. The baseline for refraction (mean ± SD) on day 7 for all chicks was +3.58 D ± 0.79 (Fig. 1) .
Continuous exposure of chick eyes to the different light intensities resulted in significant differences in refraction among the three groups, when measured at each of the three time points (P < .0001, one-way ANOVA). The refractive development in the high-light intensity group showed a steep upward slope from the baseline hyperopia measured 7 days after hatching, to severe hyperopia, reaching a peak of +13.89 ± 5.9 D on day 60 (P < .0001, post hoc test for refraction on days 7 and 60). Chicks in the intermediate-light intensity group steadily developed moderate hyperopia, with a peak of +8.57 ± 3.35 D on day 60 (P < .0001, refraction on days 7 and 60). The low-light intensity group gradually decreased in refraction until day 60. The mean refraction was +0.68 ± 0.98 D on day 30 and À0.01 ± 1.68 D on day 60 (post hoc test, P < .0001, 0.03, for refraction on days 7 vs. 30 and 30 vs. 60, respectively). On day 90, the refraction did not differ from that of day 60 (P = .9), and ranged from mild myopia of À1.3 D to mild hyperopia of +2.38 D (mean ± SD: +0.63 ± 3.61). Previous studies measured mean refraction of less than 1 D in 2-3-month-old chicks exposed to a light/dark cycle, with four times narrower variability than the refraction developed in the low-intensity group of our study (1 D compared to 3.61 D, respectively) Yinon, Rose, & Shapiro, 1980) . Mean refractions of male chicks that developed after 90 days of exposure to a light/dark cycle under 10,000 lux, 500 lux, and 50 lux were +1.1 D, +0.03 D, and À2.4 D, respectively (P < .0001, one-way ANOVA) (Cohen, Belkin, Avni, & Polat, 2006) .
Keratometry
The corneal power of continuous light groups was inversely correlated with light intensity (Fig. 2) . On day 7, baseline corneal power (mean ± SD) for all chicks was 108.71 ± 8.4 D. The process of eye growth and its accompanying decline of corneal power could be arbitrarily described as two phases: with a first fast phase, followed by a second, slower phase. During the first phase (from day 7 to day 30), the corneal power had its steepest decline from 110 D to 80 D in all groups. On day 30, keratometric readings of 78.1 ± 3.9 D were measured in the high-intensity group, 80.4 ± 3.7 D in the intermediate group, and 80.7 ± 4.6 D in the low group, with no significant differences among the groups (P = .26, one-way ANOVA). During the second slower phase (from day 31 to day 90), corneal power decreased by 20 D in 2 months, as compared with 1 month in the first phase. On days 60 and 90, the keratometric readings of the groups were significantly flatter as light intensity increased (P < .0001, one-way ANOVA for days 60 and 90). On day 60, the mean corneal power differences between the high and intermediate groups were 5.63 D and between the intermediate and low-intensity groups they were 5.9 D. On day 90, keratometric readings of 46.2 ± 3.5 D were measured in the high-intensity group, 49.7 ± 3.8 D in the intermediate group, and 56.3 ± 4.6 D in the low group, with significant differences among the groups (P < .0001, one-way ANOVA). Dunnett's t-tests were significant for the high vs. the intermediate, intermediate vs. the low, and high vs. the low-intensity groups, P < .03, P < .07, and P < .0001, respectively. Yinon et al. (1980) showed that the chicks' mean corneal power under light/dark cycle conditions was 64.6 D at 90 days posthatching, a much steeper cornea than that developed in our groups at that time (Yinon et al., 1980) . The mean corneal power of male chicks developed after 90 days of exposure to a light/dark cycle under an intensity of 10,000 lux, 500 lux, and 50 lux were 59.9 D, 61.8 D, and 62.8 D, respectively (P < .0001, one-way ANO-VA) (Cohen et al., 2006) .
Axial length
The axial length (mean ± SD), measured on day 7, was 8.9 ± 0.2 mm (Fig. 3) . On day 30, the axial lengths of the continuous light groups were 12.1 ± 0.5 mm, 11.3 ± 0.5 mm, and 11.1 ± 0.2 mm for the high, intermediate, and low groups, respectively. (P < .0001, one-way ANOVA, post hoc tests were significant for the low vs. high and medium vs. the high-intensity groups, P < .0001.) On day 90, no differences were found among the axial length high intensity group-gray line, (days 7, 30, n = 13; days 60, 90, n = 12), intermediate intensity group-black dashed line (days 7, 30, n = 12; days 60, 90, n = 10) and low intensity group-black line (days 7, 30, n = 13; days 60, 90, n = 12). Light intensity dependent refraction reached a steady level on day 60, the highest intensity developed the greatest hyperopia. Fig. 2 . Corneal curvature in the three groups throughout the examined period. The reduction in corneal power is time dependent, and since day 30 it was also light intensity dependent. The highest the intensity, the flatter is the cornea. measurements of the groups (15.4 ± 0.9 mm, 15.25 ± 0.8 mm, and 15.5 ± 0.5 mm, respectively; P = .85). The axial length that developed after 90 days of exposing male chicks to a light/dark cycle was gradually elongated as light intensity decreased, with intensities of 10, 000, 500, and 50 lux; the axial lengths measured were 15.51, 15.64, and 16.2 mm, respectively (P < .0001, one-way ANO-VA) (Cohen et al., 2006) .
Refraction correlates
The correlations between corneal power and refraction, irrespective of light intensity, is described by a scatter plot of corneal power against refraction for days 7, 30, 60, and 90 ( Fig. 4a-d,  respectively) . Each dot on the figure represents an individual data point of the corneal power for each eye in all three groups (days 7, 30, n = 76; days 60, 90, n = 68). On day 7, we found no correlation between corneal power and refraction in all 76 eyes (r = À.07, P = .54). On day 30, the contribution of corneal power to refraction was weak (y-axis = 81.6 D À 0.38x, r = À.414, P = .011); however, on days 60 and 90 the contribution of corneal power had strengthened ( Fig. 4b) (on day 60, y-axis = 67.2 D À 0.65x, r = À.714, n = 64; P < .0001; on day 90, y-axis = 56.7 D À 0.86, r = À.83, P < .0001).
The observed correlation between light intensity and refraction for all three groups intensified from day 30 to day 90 (on day 30, r = À.56, P < .0001; on day 90, r = À.64, P < .0001). On day 30, light intensity did not correlate with corneal power (r = À.27, P = .09).
On days 60 and 90, however, light intensity correlated well with corneal power (on day 60, r = À.62, P < .0001; on day 90, r = À.58, P < .0001). Thus, the correlation between light intensity and either refraction or corneal power was found to be time dependent.
Ocular parameters measured on day 90
Corneal thicknesses (Table 1) were 227.6 ± 10.19, 236.1 ± 15.16, 239.1 ± 10.39 lm (mean ± SD) for the high, intermediate, and lowintensity groups, respectively (P < .005, one-way ANOVA. Post hoc tests were found to be significant for high vs. low-intensity groups, P < .01). However, no differences were found between the intermediate versus either the low or the high-intensity groups (post hoc tests, P < .1, P < .8, respectively). The vitreous chamber deepened with increasing light intensity (one-way ANOVA, P < .01). The medium vs. the high and the low vs. the high-intensity groups differed significantly (post hoc tests were found to be significant, 0.04 and 0.02, respectively). However, no such differences could be found between the medium and the low-intensity groups (P = .99).
The limbus-to-limbus corneal diameter was found to be inversely dependent on light intensity: the higher the intensity, the smaller the diameter, with a maximal mean difference of 0.86 mm ($10%) between the high-intensity and the low-intensity groups (P < .01, one-way ANOVA). However, only differences between the corneal diameter of the medium and the low or the medium and the high-intensity groups were noted (post hoc tests were P < .15 and P < .09, respectively). Thus, under continuous light conditions, light intensity had a significant effect on three corneal dimensions: corneal diameter, corneal power, and corneal thickness. The lens thickness measured on day 90 (Table 1 ) was thicker as light intensity increased, and was significantly different among the groups (P < .0001, one-way ANOVA). Dunnett's t-tests were significant for the high vs. the intermediate, the intermediate vs. the low, and high vs. the low-intensity groups, P < .0001 for all tests. Equatorial diameter (Table 1 ) of the continuous light groups did not reach statistical significance among the groups (one-way ANOVA, P < .07). The equatorial diameters were 22.2 ± 0.87 mm and 22.06 ± 0.69 mm in the low-and high-light intensity groups, respectively (P = .8). Anterior chamber depth did not differ among the groups.
Discussion
In chicks raised under continuous lighting conditions, light intensity seems to be an important factor in the development of refraction, corneal dimensions, and other ocular parameters. At high light intensity, the hyperopic effect increased, whereas at low light intensity, the chicks' eyes became emmetropic. The importance of the components of the light/dark cycle, such as light exposure, dark exposure, and circadian rhythm on the emmetropization process have been pointed out previously (Nickla, Wildsoet, & Troilo, 2001; Osol, Schwartz, & Foss, 1985; Schaeffel, Bartmann, Hagel, & Zrenner, 1995; Zawilska, 1994; Zawilska & Wawrocka, 1993) ; however, the effect of light intensity has not yet been investigated. The results of the present study indicate the importance of light intensity during continuous illumination in modulating refractive plasticity via changes in ocular growth, and in altering its structure, especially that of the cornea.
Several earlier studies have examined the effects of exposure to continuous light on refraction and ocular parameters. However, light parameters such as intensity, source (fluorescent light and light from white bulbs), and irradiance value were considerably different among the studies (Guo, Sivak, Callender, & Herbert, 1996; Jensen & Matson, 1957; Lauber & Oishi, 1987; Li & Howland, 2003; Smith et al., 2001; Stone et al., 1995; Zhu, Lin, Stone, & Laties, 1995) . Most of these studies have employed either incandescent or fluorescent light at intensity levels far below outdoor ambient illumination. In an early study on the effect of 6 weeks of continuous incandescent light on chick eyes (the light intensity was not reported), the resulting refraction varied between +9.5 and À9.5 D, with extreme astigmatism (Lauber & Oishi, 1987) . Another study of the effect of continuous fluorescent light at an intensity of 700 lux on chicks' eyes, reported the development of progressive hyperopia of +7.4 D on day 10, reaching +18.2 D in the 11th week . Continuous light from a fluorescent bulb at an intensity of 360-460 lux caused a refractive error of +4.5 ± 5.9 D in the chick eye after 2 weeks . Thus, the reported refractive error, which in these studies ranged from myopia to hyperopia, is possibly attributable to the differences between the light intensities used.
The effect of light intensity on ocular parameters in chicks has been described in some reports. One report (Lauber & Kinnear, 1979) compared the effects of bright and dim light on eye weight relative to body weight and studied their effects on intraocular pressure, corneal curvature, and the globe's equatorial diameter. Chicks were reared under continuous light or under a light/dark cycle, using a light intensity of ''bright light" (cage illumination: incandescent light, one bulb of 100 watts located in a central ceiling fixture) and ''dim light" (cage illumination: incandescent light, one bulb 7.5 watts, in a central ceiling fixture). No difference in corneal curvature was observed between the two groups (Lauber & Kinnear, 1979) . In a more recent study, the effects of continuous incandescent light were examined under various intensities: 0.3 lux, 33 lux, 166 lux, and 500 lux (Liu et al., 2004) . The refractive error that developed after 2 weeks was +3.9 D, +1.51 D, +1.9 D, and +6.15 D, respectively. For light intensities above 33 lux, the higher the intensity, the greater was the hyperopia that developed. However, dimmer light (0.3 lux) resulted in more severe hyperopia than 33 or 166 lux, which probably represents the hyperopic shift of complete darkness (Liu et al., 2004) . The light intensities used in our study were considerably higher, ranging from 50 to 10,000 lux, and differed by several orders of magnitude among the groups. The linear correlation observed in our study between light intensity and refraction obviously applies only to the range of intensities that we examined, and might not be applicable to the lower ranges examined in the above studies. The apparent discrepancy between the results of the above-mentioned studies and the present findings might be attributable to changes dependent on the light-intensity threshold, below which, some responses are not detectable. Furthermore, we found that the effect of continuous lighting on refraction peaked only after 2 months, suggesting that a longer period of exposure might be needed in the above studies before changes are completely manifested in the effect of light intensity.
Our findings imply that continuous light per se is not the only variable that induces corneal flattening and hyperopia in chicks. We showed that the intensity of ambient light plays a major contributory role, directly affecting the corneal structure in a timedependent manner. During the first 30 days of growth, differences in corneal power could not be detected. However, axial length was greater in the lower-intensity group, thus resulting in relative myopia, compared with the higher-intensity group. After 30 days, the process of flattening the corneal curvature slows down. Apparently, after this critical period, the corneal structure was amenable to modulation by light intensity, which affected the corneal structure. The overall effect was a reduction of the corneal thickness, diameter, and steepness, but further studies should be performed Data are reported as means ± SD. Means of the measurements were evaluated by one-way analysis of variance (ANOVA) for comparison within and among the groups. Post hoc pair-wise multiple comparisons were made, the asterisk denote a statistical significance (P < .05). The number of asterisks points to the groups that were compared (*high vs. low, **high vs. medium, ***medium vs. low).
to detect which component of the corneal layers varied with the different intensities. At the posterior segment, the vitreous chamber deepened under the highest intensity condition, as compared with the intermediate and low intensities; however, no differences in axial length were found between the groups. The cornea might have become flattened to compensate for the vitreous chamber elongation resulting from the myopogenic process. A previous study demonstrated that chicks exposed to constant light during the first few weeks of life develop mild stable hyperopia, and the corneal flattening is balanced by elongation of the vitreous chamber, apparently supporting the notion that these changes are compensatory (Liu et al., 2004) . Another study demonstrated that these changes are noncompensatory and are independent processes (Lauber & Oishi, 1987) . This study showed that after the photoreceptors and retinal pigment epithelium had been destroyed by the blinding neurotoxin formoguanamine, those chicks that had been exposed to continuous light developed the characteristic corneal flattening but not eye enlargement. This finding suggests that changes in the anterior segment are unrelated to the photoreceptor function, suggesting that they are vision independent. The results of the present study showed that the changes observed in both the cornea and the posterior segments are non-compensatory, but both are dependent on the intensity of the light exposure during development.
The chick gender is known to affect ocular growth, e.g., there is a small difference in refraction of male and female chicks when reared with their eyes open. During unilateral visual deprivation, male chicks developed a thicker lens, a deeper vitreous chamber, and a greater degree of myopia than those of females (Schmid & Wildsoet, 1996a; Zhu et al., 1995) . Thus, chicks' gender might also affect the changes observed in our study, but we cannot predict the direction of the changes.
Ocular growth is thought to be under the control of an intrinsic circadian clock, termed the ''endogenous oscillator" (Kazula, Nowak, & Iuvone, 1993) . Photoreceptors of the chick's neural retina contain a complete circadian clockwork system that is regulated by the lightdark cycle. The timekeeping mechanism is thought to be affected by neuromodulators, melatonin, and dopamine (Chaurasia et al., 2006; Kazula et al., 1993; Zawilska, Bednarek, Berezinska, & Nowak, 2003) , which were shown to be involved in controlling the chicks' ocular growth and the changes in axial length (Nickla, Sharda, & Troilo, 2005) . The chicks' eyes elongate during the light phase, when melatonin synthesis and release are reduced, with a parallel increase in dopamine synthesis, whereas the opposite occurs during the dark phase (Bartmann et al., 1994; Morgan & Boelen, 1996; Tosini & Menaker, 1996) . In neonatal chicks, intravitreal injections of the dopamine receptor agonist, apomorphine, were shown to limit the excessive axial elongation that is associated with visual deprivation (Stone, Lin, Iuvone, & Laties, 1990) . Melatonin receptors were shown to be present in the chicks' cornea, choroid, sclera, and retina. Recently, it was shown that an intraperitoneal injection of melatonin induces significant changes in the anterior chamber depth, the vitreous chamber depth, and the choroidal thickness of the chick's eye (Rada & Wiechmann, 2006) . The above studies have shown the existence of a retinal internal clock that might be indirectly affected by the light/dark cycle.
It has been suggested that continuous light disrupts the rhythmic release of melatonin and dopamine from the chicks' retinal internal clock, resulting in a constant release of dopamine (Albarran, Lopez-Burillo, Pablos, Reiter, & Agapito, 2001; Morgan & Boelen, 1996) . Thus, because light duration modifies the function of the retinal internal clock, light intensity may be another environmental agent that influences the retinal release of dopamine and melatonin, redirecting chicks' eye growth.
Phylogenetic conservation of many of the mechanisms underlying refractive plasticity in chicks seems to extend to primates (Norton & Siegwart, 1995; Smith, Bradley, Fernandes, & Boothe, 1999; Smith, Harwerth, Crawford, & von Noorden, 1987; Smith, Hung, & Harwerth, 1994; Smith, Hung, Kee, & Qiao, 2002; Troilo et al., 1995) . Surprisingly, Smith et al. (2001) , in studying the effect of a 6-month exposure to continuous light on refraction and ocular parameters in rhesus monkeys, showed that such exposures to light do not alter the overall size of the eye. Possible explanations for this difference might include (i) the changes seen in the anterior segment of the chick eye were not observed in the monkeys, suggesting that primates might be insensitive to continuous light, (ii) the monkeys were able to avoid the effect of continuous lighting by covering their eyes with their hands during sleep, and (iii) the light intensity used in that experiment was variable, and in some cases probably was too low (15 lux of continuous light) to cause hyperopia. In support of the last argument, we showed that chicks that were exposed to continuous light of low intensity developed emmetropia as a mean refraction. Moreover, as previously mentioned, exposing newborn monkeys to continuous light was thought to result in ''unusual emmetropization" (Smith et al., 2001 ). Thus, we suggest that the possible effect of continuous light on emmetropization in primates cannot be excluded.
Studies in humans have revealed an association between myopia development and the duration of light exposure. A longer daytime photopic period was found to be a risk factor for myopia (Mandel et al., 2007; Vannas et al., 2003) . A search of the literature yielded little support for the effect of light intensity on refraction error development in humans. Quinn, Shin, Maguire, and Stone (1999) found that the childhood prevalence of myopia was strongly associated with exposure to ambient light during sleep at night in the first 2 years of life. They showed that ''the relation between refraction and night-time light was dose dependent, since a greater proportion of children become myopic if they slept at night during their first two years with room lighting rather than with a ''night light" (Quinn et al., 1999) . On the other hand, such an association between ambient light and myopia development has not been demonstrated in other studies (Gwiazda, Ong, Held, & Thorn, 2000; Saw et al., 2001; Zadnik et al., 2000) . More studies should be conducted in order to clarify the relations between light intensity and human myopia.
Previous studies reported that under a light/dark cycle, chicks reached emmetropia within 8 weeks. The refraction had a narrower variability, compared with our groups, and had a distinct corneal curvature and axial length (Wallman, Adams, & Trachtman, 1981; Yinon et al., 1980) . Our preliminary results indicate that under light/dark cycle conditions, a change in light intensity alters the refractive error development of the chick's eyes (Cohen et al., 2006) . Ninety days of low-light intensity (50 lux) resulted in myopia (mean À2.4 D) under conditions of 12/12-light/dark cycle, and emmetropia under continuous light. Therefore, light intensity seems to be an independent environmental component that alters the refractive error in chicks.
In summary, the present study shows that the effect of continuous light on refractive error is light intensity dependent. Light intensity is an environmental variable that can be controlled by relatively simple means, and its powerful effect on refractive error under continuous light conditions can be adjusted to explore ametropia. Further research on the effect of light intensity under light/dark cyclic conditions is needed in order to establish the effect of light intensity under normal living conditions.
